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REMARKS 

Claims 1-6, 10, 12-15, 17 and 25-29 presently appear 
in this case. No claims have been allowed. The official 
action of April 5, 2005, has now been carefully studied. 
Reconsideration and allowance are hereby respectfully urged. 

Briefly, the present invention relates to a method 
for monitoring the effectiveness of an administered agent that 
interacts with the A3 adenosine receptor (A3AR) in treatment 
of a disease state in an individual or for determining the 
effectiveness of an A3AR agonist in treating a disease state 
manifested in diseased cells. After administration of the 
agent to the individual, a sample of cells or tissue 
associated with the diseased cells is withdrawn and the level 
of at least one physiological parameter is detected. The 
parameter relates to a biological marker in the cells, which 
is either A3AR or an element associated with the A3AR signal 
transduction pathway downstream to A3AR. The level of that 
parameter is then compared to a control level. A difference 
in the level of the physiological parameter from control is 
indicative of the effectiveness of the treatment against the 
disease state or is indicative of the effectiveness of the 
agonist of A3AR. 

The examiner has repeated the election requirement 
and pointed out that claims 3-6, 11, 13-15 and 26-29 have not 
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yet been considered as they are drawn to non-elected species, 
and no generic claim has yet been found to be allowable. As 
generic claims will be shown to be allowable herein, it is 
requested that all of the remaining non-elected claims now be 
examined and also allowed. 

The examiner has objected to Figure 10 of the 
drawings as, in the examiner's copy, all of the lanes appear 
to be blank. This objection is respectfully traversed. 

In applicants 1 copy of Figure 10, the details of the 
gels can clearly be seen. The details in the examiner's copy 
must have been obliterated during scanning. Attached hereto 
is another copy of the Figure 10 clearly showing the 
differences in the various lanes. Please substitute the 
attached copy of Figure 10 for that presently of record in the 
examiner's file. 

The examiner has objected to the disclosure because 
of a number of informalities. To correct these informalities, 
the following changes have been made. 

A more descriptive title has been inserted. 
Reference to Fig. 4C on page 37 has been deleted. With 
respect to Figures 5A and 5B, the specification at pages 18 
and 19 have been amended to change "colon carcinoma" to 
"melanoma" and to change "B16" to "B16-F10." Furthermore, the 
entire Example 4 has been deleted, and the example numbers of 
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all of the following examples have been moved up one. Example 
4 had been an exact copy of Example 8, but referring to the 
wrong figures. Accordingly, it has simply been deleted in 
order to avoid confusion. It was noted that the first 
paragraph of new Example 5 did not have a paragraph number. 
Paragraph number [0081.1] has been inserted. 

At page 42, the reference to "CFlOl" has been 
changed to " IB-MECA. " CFlOl is simply the in-house code for 
IB-MECA. Finally, at page 43, line 8, the term "agonist" has 
been replace by "antagonist" as suggested by the examiner. 

Claims 1, 2, 7-10, 12, 16, 17, 25, 30 and 31 have 
been objected to because the claims encompass non-elected 
claims. The examiner states that appropriate correction is 
required . 

No correction is necessary because these claims will 
be acceptable once generic claims are found to be allowable. 
At least until generic claims are finally rejected, it is not 
objectionable to retain claims that encompass non-elected 
species. Reconsideration and withdrawal of this requirement 
are, therefore, respectfully urged. 

Claims 1, 2, 7-10, 12, 16, 17, 25, 30 and 31 have 
been rejected under 35 U.S.C. §112, first paragraph, as 
lacking enablement as including the monitoring of the 
effectiveness of treatment of diseases other than specifically 
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listed ones and including the measurement of parameters other 
than specifically listed ones which are supported by the 
specification. Additionally, the examiner considers that 
there is a lack of enablement for a method for determining 
whether a drug candidate is an A3AR agonist useful in treating 
a disease state and for a method wherein the parameter is 
measured at a time point wherein the differences are expected 
to be most important. This rejection is respectfully 
traversed. 

With respect to the disease, the present claims have 
now been amended to be directed only to the process wherein 
the disease is cancer or an inflammatory disease. Original 
claims 8, 9 and 11 have now been cancelled. While the 
examiner concedes that applicants have correlated treatment of 
melanoma and colon carcinoma with expression of A3AR, the 
examiner states that other types of cancer are not so 
correlated. However, Example 5 provides evidence for a 
similar correlation in prostate carcinoma cells. Fishman et 
al, "Targeting the A3 adenosine receptor for cancer therapy: 
Inhibition of prostate carcinoma cell growth by A3AR 
agonists," Anticancer Res 23:2077-2083 (2003) amplifies the 
results of Example 5 both in vitro and in vivo. A copy of 
this publication is being obtained and will be filed in a 
supplemental response within a few days. The examiner 
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conceded that applicants have provided support for adjuvant - 
induced arthritis (Example 11) . Results of additional 
experiments in cancer (hepatoma) and inflammatory disease 
(EAE-a model for multiple sclerosis) is also available and 
will be submitted in the supplemental response. Accordingly, 
it is believed that with respect to the presently claimed 
diseases, the present specification is fully enabling and the 
breadth is believable. 

With respect to physiological parameters, claim 1 
has now been amended to specifically recite, as the 
physiological parameters, the level of mRNA or protein 
expression, the level of phosphorylation, or the cellular 
localization. Original claim 7 has been deleted. Support for 
these parameters may be found in the specification, for 
example, on page 15, line 24, to page 16, line 21. The 
examiner states applicants have shown correlation only with 
protein expression. However, at the end of Example 2 (page 
24), mRNA expression is also disclosed. See also Madi et al , 
"A3 adenosine receptor activation in melanoma cells: 
Association between receptor fate and tumor growth 
inhibition, » J Biol Chem 278:42121-42130 (2003), a copy of 
which is attached hereto, which amplifies the results of 
Example 2 (see first paragraph on page 42124) . See also 
Example 9, on page 27 of the present specification. 
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Cellular localization is exemplified in Example 1 
(pages 22-23 of the present specification) and in Example 2 
(top of page 24) . Regarding the level of phosphorylation, see 
Fishman et al, "An agonist to the A3 adenosine receptor 
inhibits colon carcinoma growth in mice via modulation of GSK- 
3/3 and NF-*B, " Oncogene 23:2465-2471 (2004), which amplifies 
the results presented in Examples 4 and 6. Phosphorylation of 
MPB by GSK-3/3 is discussed on page 2467 and in Fig. 3C. 
Accordingly, the enablement with respect to the physiological 
parameters that remain in the claims is sufficient in the 
specification . 

With respect to the correlation of the parameters 
with effectiveness, the specification provides a detailed 
description of the correlation between the level of the 
physiological parameters and the effectiveness of treatment 
(page 7, lines 13, to page 8, line 6, and page 5, line 24, to 
page 6, line 21) . The man of ordinary skill in the art would 
understand from the claims how to carry out the invention 
based on the description in the specification. For example, 
one could administer to a subject having a tumor an agent that 
interacts with the A3AR and follow the state of the tumor and 
concurrently the level of various physiological parameters 
according to the invention. In this way, one could determine 
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whether a decrease in the size of the tumor is correlated with 
an increase or decrease in the level of the parameter. 

With respect to claims 25, 30 and 31, the purpose of 
the claimed method is not to determine whether or not a drug 
candidate is an A3AR agonist, but rather whether an already- 
known A3AR agonist is useful in treating a disease state. If 
the drug candidate has an effect on the diseased cells through 
a mechanism other than by agonizing A3AR, then the method will 
not pick it up, but, if an A3AR agonist works through the 
A3AR, the method will show its effect. Claim 25 has now been 
amended in order to clarify its contents in this regard. 
Claims 30 and 31 have been cancelled. 

Claim 16 has also been cancelled, thus obviating 
this part of the rejection. 

It is believed that in view of the amendment of the 
claims and the above arguments, the skilled artisan would not 
require undue experimentation to use the claimed invention. 
Reconsideration and withdrawal of this rejection are 
respectfully urged. 

Claims 1, 2, 7-10, 12, 16, 17, 25, 30 and 31 have 
been rejected under 3 5 U.S.C. §112, second paragraph, as being 
indefinite. The examiner states that claim 1 is indefinite as 
being unclear how a difference in the level of the 
physiological parameter is indicative of the effectiveness of 
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the treatment. The examiner states that it is not clear what 
kind of a difference (increase or decrease) indicates that the 
treatment is effective or ineffective. This part of the 
rejection is respectfully traversed. 

Those of ordinary skill in the art should understand 
that whether an increase or decrease in the level of a 
parameter indicates that the treatment is effective, depends 
on the identity of the physiological parameter. See the 
discussion hereinabove with respect to the enablement 
rejection and the correlation of the parameter with 
effectiveness. Accordingly, claim 1 is not indefinite because 
one of ordinary skill in the art would know in each case 
whether the treatment was improving the situation or not. 
Reconsideration and withdrawal of this part of the rejection 
are respectfully urged. 

The examiner states that claim 25 is indefinite 
because it is unclear how a difference in the level of the 
physiological parameter is indicative of an agonist of A3AR 
and it is not clear what kind of a difference (increase or 
decrease) indicates that the drug candidate is an A3AR 
agonist. This part of the rejection is also respectfully 
traversed. 

Claim 25 has now been amended to clarify its 
contents, as has been discussed above with respect to the 
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enablement rejection. Accordingly, it is believed that this 
rejection has now been obviated. As claims 1 and 2 5 are no 
longer indefinite, those claims dependent therefrom cannot be 
subject to this rejection. Reconsideration and withdrawal of 
this rejection are respectfully urged. 

Claims 1, 2, 7-10, 12, 17, 25, 30 and 31 have 
rejected under 35 U.S.C. §102 (a) and §102 (e) as being 
anticipated by Fishman publication no. 2002/0115635 
(hereinafter "Fishman"). The examiner states that while the 
inventive entities of the claimed invention and the reference 
share a common inventor, the inventive entity of the Fishman 
publication differs from the inventive entity of the claimed 
invention of the present application and, therefore, the 
reference is deemed to be within the scope of the statute. 
This rejection is respectfully traversed. 

Attached hereto is a declaration signed by both of 
the inventors of the Fishman publication. This declaration 
explains that the claimed subject matter of that publication 
is the co-invention of Pnina Fishman and Kamel Khalili. 
However, the declaration goes on to state that the concept of 
monitoring the effectiveness of an administered agent that 
interacts with the A3 adenosine receptor, treatment of a 
disease state by withdrawing a sample of these cells or 
tissue, detecting the level of a physiological parameter, 
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which is an element associated with A3AR signal transduction, 
and comparing that level with the control level, with a 
difference in level of the physiological parameter from the 
control being indicative of the effectiveness of the treatment 
against the disease state, was not invented by Pnina Fishman 
and Kamel Khalili. The declaration states that this concept 
had been previously invented by the inventive entity of Pnina 
Fishman, Lea Madi and Sara Bar-Yehuda and had been 
communicated to the inventive entity of Fishman and Khalili, 
and it was used as an example in the application of the 
Fishman publication in order to prove the effectiveness of 
that invention. However, that disclosure, in Example 2 of the 
publication, was not intended to be a disclosure of the 
invention of Fishman and Khalili, but it was actually a 
disclosure of the invention of the Fishman, Madi and Bar- 
Yehuda inventive entity. 

Accordingly, the disclosure upon which the examiner 
relies in the Fishman publication is not "by others" and, 
therefore, is not available as a reference under either 3 5 
U.S.C. §102 (a) or §102 (e) . In this regard, see MPEP §2136.05, 
under the heading "A 35 U.S.C. 102(e) REJECTION CAN BE 
OVERCOME BY SHOWING THE REFERENCE IS DESCRIBING APPLICANT'S 
OWN WORK. " Accordingly, reconsideration and withdrawal of 
this rejection are respectfully urged. 
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The art cited but not applied by the examiner has 
been noted, as has the examiner's implicit recognition that it 
is insufficiently pertinent to warrant its application against 
the claims. 

It is submitted that all of the claims now present 
in the case clearly define over the references of record. 
Reconsideration and allowance are therefore earnestly 
solicited. 

Respectfully submitted, 

BROWDY AND NEIMARK, P.L.L.C. 
AttorneysJor Applicant (s) 



By 





Rog e r L . B rowdy 
Registration No. 25,618 
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Activation of the G s protein-coupled A3 adenosine re- 
ceptor (A3AR) has been implicated in the inhibition of 
melanoma cell growth by deregulating protein kinase A 
and key components of the Wnt signaling pathway. Re- 
ceptor activation results in internalization/recycling 
events that play an important role in turning on/off recep- 
tor-mediated signal transduction pathways. Thus, we 
hereby examined the association between receptor fate, 
receptor functionality, and tumor growth inhibition upon 
activation with the agonist l-deoxy-l-[6-[[(3-iodophenyl)- 
methyl] amino] -9ff-purine-9-yl] -iV-methyl- 0-D-ribofura- 
nuronamide (IB-MECA). Results showed that melanoma 
cells highly expressed A3AR on the cell surface, which 
was rapidly internalized to the cytosol and "sorted" to the 
endosomes for recycling and to the lysosomes for degra- 
dation. Receptor distribution in the lysosomes was con- 
sistent with the down-regulation of receptor protein ex- 
pression and was followed by mRNA and protein 
resynthesis. At each stage, receptor functionality was ev- 
idenced by the modulation in cAMP level and the down- 
stream effectors protein kinase A, glycogen synthase ki- 
nase-30, c-Myc, and cyclin Dl. The A3AR antagonist MRS 
1523 counteracted the internalization process as well as 
the modulation in the expression of the signaling pro- 
teins, demonstrating that the responses are A3AR- 
mediated. Supporting this notion are the in vivo studies 
showing tumor growth inhibition upon EB-MECA treat- 
ment and reverse of this response when EB-MECA was 
given in combination with MRS 1523. In addition, in mela- 
noma tumor lesions derived from IB-ME C A-treated mice, 
the expression level A3AR and the downstream key signal- 
ing proteins were modulated in the same pattern as was 
seen in vitro. Altogether, our observations tie the fate of 
A3AR to modulation of downstream molecular mechanisms 
leading to tumor growth inhibition both in vitro and in vivo. 



The incidence of melanoma in humans has increased steadily 
over the past years and is one of the more difficult neoplasias to 
clinically manage. Due to the limited response of malignant 
melanoma to conventional chemotherapy and the poor progno- 
sis of patients with metastatic melanoma, new therapies for 
this disease are needed. 

Our earlier studies demonstrated that IB-MECA, 1 a stable 
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agonist to A3AR, inhibits the proliferation of neoplastic cells 
including metastatic melanoma (1—3). A3AR belongs to the 
family of the Gj protein-associated cell surface receptors. Re- 
ceptor activation leads to inhibition of adenylyl cyclase activity, 
cAMP formation, and PKA expression. PKA contains a cata- 
lytic subunit, PKAc, which dissociates from the parent mole- 
cule upon activation with cAMP, resulting in the initiation of 
various signaling pathways (4, 5). Recent studies have demon- 
strated that PKAc phosphorylates and inactivates GSK-3/3 (6). 
We showed that IB-MECA alters the expression of GSK-3j3 and 
0-catenin, key components of the Wnt signaling pathway. Con- 
sequently it led to inhibition in the expression of the cell cycle 
progression genes, c-Myc and cyclin Dl (2). This is an impor- 
tant observation as the Wnt pathway has been linked to the 
development of malignant melanoma (7-9). 

It is well established that O i protein receptors are internal- 
ized to early endosomes upon agonist binding. Early endosomes 
serve as the major site of receptor recycling, whereas the late 
endosomes are involved in the delivery of the internalized 
receptor to the lysosomes (10). One point to consider while 
targeting chronically a Gj protein receptor is that desensitiza- 
tion may lead to loss of a functional receptor from the cell 
surface. 

Interestingly, although A3AR expression level was found to 
be low in most body tissues, it is highly expressed in tumor cell 
lines (11-13). Given that IB-MECA inhibits the growth of B16- 
F10 melanoma cells, it was hypothesized that these cells ex- 
hibit high receptor levels, which may serve as a target for 
tumor growth inhibition. We thus sought to explore the fate of 
A3AR upon IB-MECA activation and the consequences on the 
downstream molecular mechanisms leading to tumor growth 
inhibition both in vitro and in vivo. 

Here we show that melanoma cells highly express A3AR, 
which upon IB-MECA stimulation rapidly internalizes to the 
cytosol and sorts to endosomes and lysosomes. Resynthesis and 
externalization of the receptor to the cell surface then occurs. 
Receptor functionality was demonstrated by the initiation of 
signal transduction pathways, which resulted in down-regu- 
lation of c-Myc and cyclin Dl, leading to tumor growth 
suppression. 

EXPERIMENTAL PROCEDURES 

Reagents — IB-MECA and MRS 1523 were purchased from RBI/ 
Sigma. For both reagents, a stock solution of 10 dim was prepared in 
Me 2 SO, and further dilutions in RPMI medium were performed. RPMI, 
fetal bovine serum, and antibiotics for cell cultures were obtained from 
Beit Haemek, Haifa, Israel. 126 I-AB-MECA was purchased from Amer- 



amide; AB-MECA, (AT^^4-ammo-3-iodobenzyl)-5'-Ar-methylcarbamoyl- 
adenosine; A3AR, A3 adenosine receptor; GSK-3/3, glycogen synthase 
kinase -30; PBS, phosphate-buffered saline; PKA, protein kinase A; PKB, 
protein kinase B; FITC, fluorescein isothiocyanate. 
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sham Biosciences. Rabbit polyclonal antibodies against murine and 
human A3AR, PKAc, c-Myc, and GSK-30 were purchased from Santa 
Cruz Biotechnology Inc., Santa Cruz, CA. Rabbit polyclonal antibodies 
against murine and human cyclin Dl were purchased from Upstate 
Biotechnology, Lake Placid, NY, and Cy3-conjugated anti-goat IgG and 
fluorescein-conjugated anti-rabbit IgG were purchased from Chemicon, 
Temecula, CA. FITC-dextran, FITC-transferrin, and forskolin were ob- 
tained from Sigma, and 8-Bromo-cAMP and MG132 were obtained 
from Calbiochem. 

Immunostaining and Con focal Microscopy — B16-F10 murine mela- 
noma cells were grown for 24 h on coverslips coated with poly(L-lysine) 
(500 fig/ml). Cells were incubated . with IB-MECA (10 iim) or with 
IB-MECA + MRS 1523 (100 nM). To further show the immunostaining 
specificity, splenocytes derived from wild type C57B1/6J mice or 
A3AR-/- mice (14) (kindly supplied by Marlene Jacobson from Merck 
Research Laboratories) were mounted on poly(L-lysine) slides for 3 h. 
Cells were fixed in 4% formaldehyde in phosphate- buffered saline 
(PBS) for 1 h at room temperature. The fixed cells were rinsed three 
times for 1 min with PBS. To block nonspecific interaction of the 
antibodies, cells were incubated for 30 min in 4% normal goat serum 
in PBS (1% bovine serum albumin, 0.1% Triton X-100). For A3AR 
labeling, cells were then incubated with the primary antibody against 
A3AR at a dilution of 1:1000 in PBS (1% bovine serum albumin, 1% 
normal goat serum, 0.1% Triton X-100) for 24 h at 4 °C. After being 
washed three times for 3 min with PBS, cells were incubated with 
Cy3-conjugated anti-goat IgG at a dilution of 1:250 in PBS and 
incubated in the dark for 2 h. Cells were rinsed with PBS three more 
times and mounted with AM 100 media (Chemicon). For the colocal- 
ization experiments, the endosomes were labeled by incubating cells 
with 200 ng/ml FITC-transferrin in media lacking serum for 60 min 
before incubating with IB-MECA (10 nM) for different time periods. 

Lysosomes were labeled by incubating cells with 1 mg/ml FITC- 
dextran in RPMI with 1% serum at 37 °C for 24 h. Cells were washed 
with media and reincubated for an additional 1.5 h in media lacking 
serum following incubation with IB-MECA (10 nM) for different time' 
periods. Cells were washed with PBS and fixed with 4% formaldehyde, 
and the A3AR was labeled as mentioned above. Stained cells were 
visualized by a confocal microscope (Zeiss, Axiovert 100 m, excitation at 
553 and emission at 568 nm for Cy3, and at 492 and 520 nm, respec- 
tively, for fluorescein). 

Measurement of cAMP Production — B16-F10 melanoma cells (1 X 
10 6 /ml) were serum-starved overnight and then incubated with IB- 
MECA. cAMP levels were determined under basal conditions and in 
cells challenged for 5, 15, and 30 min with forskolin (50 nM) in the 
presence or absence of IB-MECA (10 nM). Cells were lysed by the 
addition of 0.1 M HC1, and cell ly sates were collected by centrifugation 
for 10 min at 1000 rpm. Dried samples were stored at — 20 °C until 
used. For determination of cAMP production, a commercial enzyme- 
linked immunosorbent assay kit based on competitive protein binding 
method (R&D systems, Minneapolis, MN) was used. Four different 
experiments were performed. 

125 I-AB-MECA Cell Surface Binding — To evaluate receptor surface 
density upon IB-MECA treatment, a radioligand binding assay was 
carried out in intact B16-F10 melanoma cells (see Ref. 20). Cells were 
serum-starved overnight, washed with PBS, and then incubated with 
IB-MECA (10 nM) for different time periods at 37 °C. At the end of the 
incubation period, cells were placed on ice and then rapidly washed 
three times with 120 mM NaCl, 5 mM KC1, 2 mM CaCl 2 , 50 mM Tris, and 
1 mM EDTA, pH 3.5 (acid T x buffer) (to remove the agonist). Cells were 
then incubated with 0.5 nM 125 I-AB-MECA in T x buffer at pH 8.12 at 
4 °C for 120 min. The assay was performed in the absence or in the 
presence of 100 nM IB-MECA for nonspecific binding determination. 
This experiment was repeated three times. 

Western Blot Analysis — To detect the level of expression of the de- 
sired proteins in B16-F10 melanoma cells, Western blot analysis was 
performed. Cells were serum-starved overnight and then incubated in 
the presence and absence of IB-MECA (10 nM), MRS 1523 (100 nM), 
forskolin (50 nM), or MG132 (20 nM) for different time periods at 37 °C 
with 1% fetal bovine serum. Cells were then rinsed with ice-cold PBS 
and transferred to ice-cold lysis buffer (TNN buffer, 50 mM Tris buffer, 
pH 7.5, 150 mM NaCl, Nonidet P-40 0.5% for 20 min). Cell debris was 
removed by centrifugation for 10 min at 7500 X g. The supernatant was 
utilized for Western blot analysis. Protein concentrations were deter- 
mined using the Bio-Rad protein assay dye reagent. Equal amounts of 
the sample (50 ug) were separated by SDS-PAGE, using 12% polyacryl- 
amide gels. The resolved proteins were then electroblotted onto nitro- 
cellulose membranes (Schleicher & Schuell). Membranes were blocked 



with 1% bovine serum albumin and incubated with the desired primary 
antibody (dilution 1:1000) for 24 h at 4 °C. 

To evaluate the specific binding, a blocking peptide corresponding to 
the peptide antigen (Santa Cruz Biotechnology) was used. Blots were 
then washed and incubated with a secondary antibody for 1 h at room 
temperature. Bands were recorded using 5-bromo-4-chloro-3-indolyl 
phosphate/nitro blue tetrazolium (BCIP/NBT) color development kit 
(Promega, Madison, WI). The optical density of the bands was quanti- 
fied using an image analysis system and corrected by the optical density 
of the corresponding actin bands. Data presented in the different fig- 
ures are representative of at least three different experiments. 

Northern Blot Analysis — Total RNA was isolated from B16-F10 mel- 
anoma cells treated with IB-MECA (10 nM) or IB-MECA + MRS 1523 
(100 nM) for 1 h, utilizing TRI reagent (Sigma). The samples were then 
subjected twice to phenol: chloroform extraction and washed with chlo- 
roform. RNA was precipitated with sodium acetate/ethanol following 
washing with ethanol, and then denatured, separated (25 ^g/lane) in 
1.1% formaldehyde agarose gel, and transferred to Hybond-N mem- 
brane. The 390-bp EcoRl fragment from A3AR cDNA clone of mouse 
(TAA3I.S), kindly supplied by Dr Kathia Ravid, was prepared by 
random-primed synthesis. Probes were used in RNA blot analysis 
at a hybridization temperature of 42 °C in the presence of 50% 
formamide. 

In Vivo Studies — C57BL/6J, male mice (Harlan Laboratories, Jeru- 
salem, Israel) aged 2 months, weighing an average of 25 g, were used. 
Mice were maintained on a standardized pelleted diet and supplied 
with tap water. Experiments were performed in accordance with the 
guidelines established by the Institutional Animal Care and Use Com- 
mittee at the Rabin Medical Center, Petah Tikva, Israel. 

The effect of IB-MECA on the development of subcutaneous tumors 
in C57B1/6J mice was studied. B16-F10 (2.5 x 10 B ) melanoma cells were 
subcutaneously injected to mice flank. Treatments as detailed below 
were administered orally twice daily, starting 24 h after the inoculation 
of the tumor cells. Four groups of mice were included in the study and 
treated as follows: 1) control, vehicle only; 2) IB-MECA, 10 /xg/kg; 3) 
IB-MECA (10 ug/kg) + MRS 1523 (100 ugfkg); 4) MRS 1523, 100 /ig/kg. 

On day 15, the mice were treated with IB-MECA and sacrificed after 
1 h. Tumor size (width (W) and length (D) was measured with a caliper 
and calculated according to the following formula: tumor Size = (W) 2 X 
L/2. Tumor lesions were then excised and homogenized (Polytron, K3- 
NEMATICA), and protein was extracted and subjected to Western blot 
analysis for the determination of A3AR. Each group contained 15 mice, 
and the study was repeated three times. 

Statistical Analysis — The results were evaluated using the Student's 
t test, with statistical significance at p < 0.05. Comparison between the 
mean value of different experiments was carried out. 

RESULTS 

Localization ofA3AR in B16-F10 Melanoma Cells — To study 
receptor localization, we utilized confocal laser microscopy. Un- 
treated cells (control) highly exhibited A3AR on the cell sur- 
face, as seen from the fluorescence intensity level. A marked 
decrease in the fluorescence level was noted after 5 min in the 
IB-MECA-treated cells. Exposure of the melanoma cells to the 
antagonist MRS 1523 in the presence of IB-MECA resulted in 
cell surface fluorescence intensity similar to that of the control 
(Fig. LA). These data suggest that rapid receptor internaliza- 
tion took place upon IB-MECA treatment. The specificity of 
receptor immunostaining was evidenced by showing marked 
fluorescence in splenocytes derived from wild type mice as 
compared with negative staining in splenocytes from A3AR, 
knockout mice (Fig. LB). 

To further explore the time course kinetic of A3AR internal- 
ization, B16-F10 melanoma cells were exposed for different 
time periods to IB-MECA, and confocal microscopy analysis 
was carried out. Fig. 2 depicts the gradual internalization rate 
that occurred within a few minutes, resulting in the disappear- 
ance of the fluorescence after 6 min. Prolonged exposure (15 
min) of the melanoma cells to IB-MECA resulted in receptor 
recycling to the cell surface. This was followed by internaliza- 
tion/recycling after longer incubation time periods (30 and 60 
min). To confirm the observation that the fluorescence level is 
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Fig. 1. Melanoma cells highly ex- 
hibit A3AR, which is down-regulated 
upon IB-MECA treatment (confocal 
microscopy imaging). B16-F10 mela- 
noma cells were incubated for 5 min at 
37 °C with 10 nM IB-MECA. The cells 
were labeled with the primary and sec- 
ondary antibodies against A3AR and the 
Cy3-conjugated anti-goat IgG, respec- 
tively. Images represent the center sec- 
tion of the X-Y plane. A, exhibition of 
A3AR in melanoma cells. High fluores- 
cence intensity is depicted in the control 
cells, whereas in IB-MECA-treated cells, 
lower fluorescence is seen. The combined 
treatment with IB-MECA and the antag- 
onist MRS 1523 (100 nM) for 5 min results 
in fluorescence similar to that of the con- 
trol. ZJ, splenocytes derived from wild type 
mice (showing A3AR-positive staining) in 
comparison with splenocytes derived from 
A3AR knockout mice (negative staining). 
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decreased as a result of internalization, we performed optical 
sectioning of the cells. In untreated cells (control), the receptor 
was exhibited on the cell surface (Fig. 3, upper left), and upon 
exposure to IB-MECA for 5 min, it was presented inside the cell 
(Fig. 3, upper right), supporting the notion that A3AJR translo- 
cates from the membrane to the cytosol. After 15 and 60 min, 
the receptor was accumulated in the cytosol (Fig. 3, lower left 
and right). 

To assess differences in subcellular localization of A3AR 
following exposure to IB-MECA, we examined the time-de- 
pendent colocalization of A3AR with FITC -transferrin and 
FITC-dextran, known to accumulate in distinct subcellular 
compartments. Fig. 4A demonstrates that in unstimulated 
cells, the A3AR distribution (green) displays a membrane local- 
ization pattern, whereas transferrin (red) was accumulated in 
small vesicles. At 5 and 15 min after treatment with IB-MECA, 
a significant colocalization of A3AR and transferrin in the early 
endosomes was observed (colocalization shown in yellow/or- 
ange). However, when cells were exposed to IB-MECA for 60 
min, less colocalization of A3AR and transferrin was evident 
(Fig. 4A). Time-dependent localization of A3AR with lysosomes 
(red) was revealed in cells labeled with FITC-dextran. Un- 
stimulated cells displayed A3AR on the cell surface, and dex- 
tran was localized to large vesicles typical of lysosomes, many 
of which are centrally located in the cells (Fig. 4B, upper left). 
After 5 min of incubation with IB-MECA, some colocalization 



with dextran was observed. Following 15 min of exposure, 
A3AR exhibited significant increase in co-localization but was 
less evident at 60 min of incubation. Taken together, these 
results demonstrate that upon internalization, A3AR is trans- 
ported to the early endosomes and to the lysosomes, suggesting 
that sequestration occurred mainly within the first 5 min of the 
exposure to IB-MECA, whereas the distribution to lysosomes 
occurred later, peaking at 15 min. 

Radioligand Binding to Surface Receptor of IB-MECA- 
treated Cells — To evaluate receptor surface density, IB-MECA- 
treated cells were exposed to 125 I-AB-MECA for different time 
period. Fig. 5 shows that radioligand binding was decreased 
after 15 (55%) and 60 min (33%), demonstrating that IB-MECA 
induced accumulated internalization of A3AR. Interestingly, 
full recovery of the receptor to the cell surface was observed 
after 24 h. 

RNA and Protein Expression Level of A3AR in IB-MECA- 
treated Melanoma Cells — Time- dependent expression of A3AR 
in the melanoma cells was examined by Western blot analysis. 
IB-MECA-induced modulation of A3AR expression in a sinus- 
oidal pattern, i.e. down-regulation and up-regulation, occurred 
at different time points (Fig. 6u4). When blocking peptide was 
utilized, the A3AR band disappeared, corifirming that the 32- 
kDa band is A3AR-specific. 

To test whether protein expression was modulated due to 
degradation and resynthesis, we exposed the cells for 1 h to 
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FlG. 2. Time course of A3AR internalization/externalization in 
B16-F10 melanoma cells (confocal microscopy imaging). B16-F10 
melanoma cells were incubated for different time periods at 37 °C with 
10 nM IB-MECA. Cells were labeled with the primary antibody against 
A3AR and the secondary antibody, Cy3-conjugated anti-goat IgG. Im- 
ages represent the center section of the X-Y plane. Control cells exhib- 
ited high fluorescence, gradually disappearing upon IB-MECA treat- 
ment for 3, 4, and 6 min. Fluorescence was apparent again after 15 min, 
when the receptor was externalized to the cell surface. 

IB-MECA in the presence of MG132, a protein degradation 
inhibitor. Indeed, MG132 prevented A3AR down-regulation, 
illustrating that following internalization, receptor degrada- 
tion took place (Fig. 6B). We next examined mRNA expression 
level upon exposure of the cells to IB-MECA for 1 h. Expression 
level was up-regulated, suggesting that resynthesis of A3AR 
had occurred (Fig. 6C). The specificity of this response was 
demonstrated by utilizing the selective antagonist MRS 1523, 
which reversed the increase in mRNA expression. 

IB-MECA Modulates Key Elements Downstream to A3AE 
Activation — To show A3AR functionality in the B16-F10 mela- 
noma cells, we tested cAMP production level and the protein 
expression level of the downstream effectors PKAc and GSK-3/3 
(known from our former study to be up-regulated upon A3AR 
activation) (2). IB-MECA inhibited forskolin-stimulated cAMP 
accumulation after 5 and 15 min, whereas after 30 min, cAMP 
level was similar to that of the control value (Fig. 1A). De- 
creased PKAc and increased GSK-3/3 levels were observed after 
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Fig. 3. Time course of A3AR internalization/externalization in 
optical sections of B16-F10 melanoma cells (confocal micros- 
copy imaging). B16-F10 melanoma cells were incubated for different 
time periods at 37 °C with 10 nM IB-MECA. Cells were labeled with the 
primary antibody against A3AR and with the secondary antibody (Cy3- 
conjugated anti-goat IgG antibody). Images were acquired as single 
midcellular optical sections at 20 scans/frame. In untreated cells, green 
fluorescence labeling, representing A3AR, was confined to the cell sur- 
face. After 5 min of incubation, green labeling was distributed in the 
cytosol. At 15 min, the green labeling was less abundant, and at 60 min, 
green fluorescence was distributed throughout the cytosol and on the 
cell surface. 



15 min, whereas at 30 min, PKAc level stabilized, and GSK-3j3 
only slightly increased (Fig. IB). The specificity of this response 
was demonstrated by introducing forskolin to the culture sys- 
tem, which counteracted the effect of IB-MECA and prevented 
the modulation in PKAc and GSK-30 level (Fig. 7C). These 
results corroborated with the cAMP data, indicating that re- 
ceptor desensitization/resensitization took place upon chronic 
exposure to the agonist. 

To further evaluate the association between receptor activa- 
tion, the subsequent downstream signaling events, and the 
specificity of these responses, B16-F10 melanoma cells were 
exposed to IB-MECA in the presence and absence of MRS 1523 
for 15 min. PKAc and GSK-3/3 levels were modulated as was 
described above, leading to down-regulation in the expression 
level of cyclin Dl and c-myc, the two cell cycle progression 
genes. MRS 1523 antagonized the modulation in the expression 
level of the proteins, indicating that the response was mediated 
via the A3AR (Fig. 8). 

IB-MECA Inhibits Melanoma Development in Mice — IB- 
MECA markedly suppressed the development of B16-F10 mel- 
anoma tumor growth in the flank model (52% inhibition, p < 
0.0001, Fig. 9A). In mice treated with a combination of IB- 
MECA and MRS 1523, no inhibition was noted, demonstrating 
that the antagonist counteracted the activity of IB-MECA and 
that the response was A3AR-mediated. In tumor lesions ex- 
cised from these mice, Western blot analysis revealed down- 
regulation of A3AR, c-Myc, and cyclin Dl and up-regulation of 
GSK-3j3 expression level (Fig. 9B). This modulation in the level 
of proteins was also neutralized by MRS 1523, further demon- 
strating the specificity of the response. 

DISCUSSION 

IB-MECA is a synthetic A3AR agonist exhibiting a potent 
antiproliferative effect against tumor cells both in vitro and in 
vivo (1, 2, 15, 16). In this study, we show that B16-F10 mela- 
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Fig. 4. Time course of A3AR colocalization with transferrin 
and dextran in B16-F10 melanoma cells exposed to IB-MECA 
(confocal microscopy imaging). In A, to tag the endosomes, mela- 
noma cells were labeled with 200 /xg/ml FITC-transferrin (red) in media 
without serum for 60 min in the presence and absence of IB-MECA (10 
dm) for different time periods. The A3AR was labeled as mentioned 
above (green). In B, lysosomes were labeled by incubating cells with 1 
mg/ml FITC-dextran (red) in RPMI with 1% serum at 37 °C for 24 h. 
Cells were washed and reincubated for an additional 1.5 h in media 
lacking serum following incubation with IB-MECA (10 nM) for different 
time periods. The A3AR was labeled as mentioned above (green). For 
both A and B, stained cells were visualized by a confocal microscope 
(Zeiss, Axiovert 100 M, excitation at 553 and emission at 568 nm for 
Cy3, and at 492 and 520 nm, respectively, for fluorescein). 



noma cells highly express A3AR. Exposure of the receptor to 
IB-MECA resulted in receptor internalization/externalization 
followed by the modulation of key proteins involved in signal- 
ing pathways leading to tumor growth inhibition. 

Four experimental approaches to test A3AR exhibition and 
expression in B16-F10 melanoma cells were used in this study. 
In confocal microscopy analysis, the exhibition of A3AR on the 
cell surface was exemplified by massive fluorescence, which 
disappeared on IB-MECA treatment, later to reappear, indi- 
cating that receptor internalization/recycling had taken place. 
The specificity of this response was proved by the introduction 
of the antagonist MRS 1523 to the culture system in the pres- 
ence of IB-MECA, resulting in cell surface receptor exhibition 
similar to the control. The antagonist blocked ligand binding, 
preventing internalization, thereby retaining full receptor ex- 
hibition. Supporting the internahzation/externalization event 
are the studies in which confocal microscopy sectioning exem- 
plified the translocation of the receptor from the membrane to 
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Fig. 5. Cell surface A3AR density in IB-MECA-treated cells as 
evaluated by 125 I-AB-MECA binding assay. B16-F10 melanoma 
cells were incubated for different time periods at 37 *C with 10 nM 
IB-MECA After incubation, cells were washed to remove agonist. Cell 
surface A3AR density was evaluated by measuring the radioligand 
binding at 4 -C for 120 min. Data, expressed as percent of control, 
represent values of three different experiments. 



the cytosol. Furthermore, the radioligand binding assay 
showed accumulated decrease in surface receptor density upon 
IB-MECA treatment and full recovery of the receptor to the cell 
surface after 24 h. Tagging the cells with transferrin confirmed 
the assumption that the receptor was internalized. Transferrin 
primarily internalizes with transferrin receptors and constitu- 
tively recycles with the receptors through early endosomes to a 
recycling compartment and then back to the cell surface (10, 
17). Our data showing colocalization of A3AR with transferrin 
after 5 and 15 min, both in the cytoplasm and on the cell 
surface, support the notion that internalization followed by 
recycling took place. Taken together, it seems that based on the 
radioligand binding and the confocal microscopy data, a partial 
receptor recycling occurs after short incubation period, 
whereas full recovery takes place after a long period of time. 
This conclusion may suggest that part of the internalized re- 
ceptor is subjected to degradation and that a subsequent re- 
ceptor resynthesis is needed for full receptor recovery. Indeed, 
the high level of receptor expression was down-regulated 
shortly after IB-MECA treatment. Prolonged incubation peri- 
ods resulted in repeated down-regulation/up-regulation of re- 
ceptor expression, suggesting that this pattern may be a result 
of receptor degradation and resynthesis. To confirm this notion, 
we utilized MG132 that prevented receptor down-regulation 
due to its protease inhibitory effect. Additional data to support 
the view that part of the internalized receptor was degraded 
came from confocal microscopy studies in which the cells were 
labeled with FITC-dextran, which has been shown to specifi- 
cally accumulate in lysosomes (18). Moreover, the increased 
expression level of protein and mRNA after 60 min of incuba- 
tion indicated the involvement of both transcriptional and post- 
transcriptional events in the process of receptor resynthesis. 
Others also demonstrated A3AR internaHzation/recycling; 
however, the time course did not overlap our values, most 
probably due to the utilization of different cell types and ago- 
nist concentration (19-21). 

Receptor functionality was tested by monitoring the level of 
cAMP and key proteins modulated upon A3AR activation. A 
decrease in PKAc and an increase in GSK-30 levels were ob- 
served both in vitro and in vivo. The modulation in the level of 
these proteins was antagonized by forskolin and MRS 1523. 
Interestingly, after a longer incubation period (30 min), recep- 
tor desensitization occurred and was manifested by reversing 
levels of PKAc and GSK-3/3. In a previous study (2), we showed 
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Fig. 6. Protein and mRNA expression level of A3AR upon exposure to chronic IB-MECA treatment. B16-F10 melanoma cells were 
incubated for different time periods at 37 °C with 10 nM IB-MECA. For A and B, blots were probed with antibodies against A3AR. In A, A3AR 
expression is down-/up-regulated during chronic activation by 10 nM IB-MECA In B, after 15 min of incubation with IB-MECA, the proteasome 
inhibitor MG132 prevented A3AR degradation (lane 3). C, Northern blot analysis of A3AR mRNA extracted from control (lane 1), cells treated with 
IB-MECA for 1 h (lane 2), cells treated with IB-MECA + MRS 1523 for 1 h (lane 3). 



that IB-MECA inhibited melanoma cell growth via cross-talk 
between A3AR and the Wnt signaling pathway. A3AR activa- 
tion was found to inhibit PKAc and PKB, thereby retaining 
GSK-3j3 in its active nonphosphorylated form (2). GSK-30 was 
shown to phosphorylate and inactivate /3-catenin, which conse- 
quently induced the down-regulation of c-Myc and cyclin Dl 
(22). In some tumor cells, including melanoma, GSK-3jS fails to 
phosphorylate /3-catenin, which accumulates in the cytosol. It 
then translocates to the nucleus, where it induces the tran- 
scription of cyclin Dl and c-myc, leading to cell cycle progres- 
sion (7-9). It thus seems that signal transduction pathways 
initiated upon receptor sensitization also need to be turned off 
(desensitized) to ensure that signaling can be achieved, allow- 
ing the regulation of cell function. Receptor desensitization led 
to signal termination despite the continuous presence of the 



agonist in the culture system. Subsequent resensitization, i.e. 
the expression of a functional receptor on the cell surface being 
capable of generating signaling pathways, took place. This 
chain of events is typical in other G-protein-coupled receptors 
(23, 24). 

Remarkably, IB-MECA was also efficacious in suppressing 
melanoma development in mice. The expression profile of 
A3AR and GSK-3/3, in the tumor lesions derived from IB- 
MECA- treated mice, was similar to that shown in vitro. More- 
over, cyclin Dl and c-Myc levels were down-regulated in the 
melanoma lesions. These two cell cycle progression genes have 
been reported earlier to be overexpressed in melanoma cells 
(25, 26). This suggests their down-regulation as part of the 
mechanism of melanoma growth inhibition by IB-MECA. 

The specificity of tumor suppressive response to IB-MECA 
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Fig. 7. Receptor functionality is demonstrated by monitoring the level of key elements downstream to A3AR activation. A, 

effect of IB-MECA (10 nM) on forskolin-stimulated cAMP production. B, immunoblots showing the effect of 10 nM IB-MECA on the expression 
level of PKAc and GSK-3/3 in B16-F10 melanoma cells at different time points. C, cells treated (15 min) simultaneously with IB-MECA + 
forskolin. 
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Fig. 8. Modulation of cell growth regulatory proteins in B16-F10 melanoma cells upon IB-MECA treatment. This figure displays 
immunoblots showing the effect of 10 nM IB-MECA on the expression level of A3AR, PKAc, GSK-30, c-Myc, and cyclin Dl in B16-F10 melanoma 
cells. Serum-starved cells (for 18 h) were treated for 15 min with IB-MECA in the presence of 1% fetal bovine serum. To test the specificity of these 
responses, the antagonist MRS 1523 (100 nM) was introduced to the culture system. 



was confirmed in vivo when melanoma-bearing mice were 
treated with IB-MECA + MRS 1523. The latter blocked most of 
the inhibitory effect of IB-MECA, demonstrating that the re- 
sponse is A3AR-mediated. Earlier studies demonstrated that 
A3AR agonists such as IB-MECA or Cl-IB-MECA, at micromo- 
lar concentrations, induced apoptosis in different cell types. In 
some of the studies, the activity was found to be A3AR- 
mediated, whereas in others, A3AR antagonists did not coun- 
teract the effect, demonstrating that the apoptosis was not 
A3 AR- mediated (27, 28). In distinction from these studies, in 
the present work, IB-MECA was used at nanomolar concen- 



trations, and its activity was counteracted by the antagonist 
MRS 1523, demonstrating that the response was 
A3AR-dependent. 

In conclusion, melanoma cells highly express and exhibit 
A3AR. Upon activation, the receptor is internalized to the 
cytosol, "sorted" to the early endosomes, and recycled to the cell 
surface. Alternatively, the receptor may be targeted to lyso- 
somes and then subjected to degradation followed by resynthe- 
sis and externalization. Modulation of key proteins leading to 
tumor growth inhibition both in vitro and in vivo was 
demonstrated. 
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Fig. 9. Inhibition of melanoma cell growth in mice and modulation of cell growth regulatory proteins in tumor lesions. B16-F10 
melanoma cells were subcutaneously inoculated to mice and then treated daily with IB-MECA (10 /ig/kg) or IB-MECA in combination with MRS 
1523 (100 /xg/kg). On day 15, tumor size was measured, and 1 h after IB-MECA treatment, tumor lesions were excised, and then protein was 
extracted and subjected to Western blot analysis. A, tumor size in the different treated groups (15 mice in each group). IB-MECA inhibited the 
development of lung metastatic foci (p < 0.0001). The antagonist MRS 1523 counteracted the effect of IB-MECA (p < 0.005). B, immunoblots 
showing the effect of IB-MECA and MRS 1523 on A3AR, GSK-30, cyclin Dl, and c-Myc expression level in protein extracts derived from the 
melanoma tumor lesions. 
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